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Description 



This invention relates to a method tor improving the chargeability of a powder coating composition. 

When powder coatings are applied onto a substrate by electrostatic charging techniques, it is common practice to 
add to the powder coating formulation a charge control agent which is usually an electron donor, as is taught by Weigel 
in DE-A-3 600 395. In practice, sterically hindered amines have been found to be the additives of choice for polyesters 
(EP-A-371 528). Compounds such as Tinuvin® 770 or Chimassorb® 944 have been found to be charge control agents 
in electrostatic image developing toners as described in JP-A-60/18B 958 (Denwent 85-279 382/45) and JP-A-60/188 
959 (Derwent 85-279 383/45). Sterically hindered amines in powder top coats for automotive use are described in US- 
A-4 402 983. 

GB-A-2 267 499 discloses 2,2,6,6'tetramethylpjperidinyl derivatives as stabilizers for powder coating composi- 
tions. 

Acid catalyzed lacquer sytems containing 2,2,6,6-tetramethylpiperidinyl derivatives as light stabilizers are de- 
scribed in WO-A-92/12201. 

In more detail, the present invention relates to a method for improving the chargeability of a powder coating com- 
position containing an organic film-forming binder, which method comprises incorporating into the powder coating 
composition an effective amount of at least two different compounds containing a residue of the formula (A) 



as electron donors. 

The two different compounds containing a residue of the formula (A) are preferably selected from the group con- 
sisting of the classes 

a) a compound of the formula (la) or (lb) 




(A) 



A, 




(la) 



in which 



A-, is hydrogen, C^-Caalkyl or Cs-Cgalkenyl, 
b^ is 1, 2 or 4, 



it b. 



»i is 1. A2 is C^-Cgalkyl, if b., is 2, Ag is C^-C^oalkylene or a group of the formula 
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wherein is -Cioall^yl or C2-C^oalkenyl, R2 is Ci-Cioalkylene and R3 and R4 are independently of one another 
Ci-C4alkyl, cyclohexyl or methylcyclohexyl, and if is 4, A2 is C4-CiQalkanetetrayl; 

H,C CH CH CH2 ()b) 

I I 1 I 

R R R R 

in which 

the radicals R independently of one another are -COO-(Ci -CgoalkyI) or a group 



COO 




H3C CH3 



with being as defined above; 
b) a compound of the formula (II) 




(II) 

in which 

A3 and A7 independently of one another are hydrogen or Ci-Ci2alkyl, 
A4, A5 and Afi independently of one another are C2-Cioalkylene and 
T^, T2, T3, T4. T5, Tg, T7 and Tq independently of one another are a group of the formula (III) 
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HX CH3 
M ( N A3 



(III) 



H3C CH3 



in which Aq is hydrogen, CyC^^\k^l Cg-Ciacycloalkyl. Ci-C4aIkyl-substltuted Cs-C^gcydoalkyl, phenyl or a group 
of the formula (IV) 



HX CH, 
( N— A 



H,C 



(IV) 



CH, 



and Ag and A^g independently of one another are as defined for A,; 
c) a compound of the formula (V) 



T, 



(V) 



in which 

T9, and T^i independently of one another are a group of the formula (III); 
d) a compound of the formula (VI) 



I 

A, 




(VI) 



in which 



All. A-13, and A^g independently of one another are hydrogen, Ci-Cigalky'. Cs-CigcycloalkyI, Ci-C4alkyl- 

substituted Cg-Cigcycloalkyl, phenyl or a group of the fomriula (IV). 

A12 is Cg-Cioalkylene, Cg-CTcycloalkylene or Ci-C4alkylenedi(C5-C7cycloalkylene). or 

the radicals A^ ^ , A^ 2 ^^ 3' together with the nitrogen atoms to which they are attached, form a 5- to 1 0-mem- 

bered heterocyclic ring, or 

A^4 and A^s, together with the nitrogen atom to which they are attached, form a 5- to 1 0-membered heterocyclic 
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nng, 

b2 is a number from 2 to 50 and 

at least one of the radicals , A13. A^^ and A15 is a group of the formula (IV); 
e) a compound of the fonmula (V)l) 




(VII) 



in which 

A-, 6 is C-i-Cioalkyl. C5-Ci2cycloalkyl, Ci-C4allcyl-substituted C5-Ci2cycJoalkyl or phenyl, 
A^7 is C3-C^Qalkylene, 
A^8 3S defined for A-, and 
b3 is a number from 1 to 50; 

f) a product obtainable by reacting an intermediate product, obtained by reaction of a polyamtne of the 
(VIII -a) with cyanuric chloride, with a compound of the formula (VlU-b) 



H,H (CH^) — NH — (CH^)— NH W — 



-NH. 



(Vni-a) 



H — N A,. 




(Vlll-b) 



in which 



b^, b4' and b4* independently of one another are a number from 2 to 12, 
Aig is hydrogen, C^-Ci2alkyl, C5-Ci2cycloalkyi or phenyl and 
A20 is as defined for A^; 
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g) a compound of the formula (IX) 



10 



IS 



20 



25 



o 

II 

-c- 



In which 




-CH A, 



O 

II 

-C- 



-o— A,— < Y >^A,-r-c 



c=o 

I 

o 




CH3 H,C N CH, 

(!X) 



A22. A23, A24 and A25 independently of one another are a direct bond or C^-C^oalkylene, 
Age is as defined for and 
bg Is a number from 1 to 50; 

h) a compound of the formula (X) 



30 



35 



(X) 



' 13 



40 



In which 

T12, T^3 and 1^4 independently of one another are a group of the formula (X!) 



45 



so 



-CH, CH CH, L 

I 

OH 



(XI) 



In which L is a group of the formula (III); 
i) a compound of the fonnula (XII) 



55 
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10 



H3C, CH3 



-O ^'^^'^ OOC— CO- 



H,C CH3 



(XII) 



in which 



75 



20 



25 



30 



35 



A27 is hydrogen or methyl, 

A28 is a direct bond or Ci-Cioalkylene and 

bg is a number from 2 to 50; 

j) a compound of the formula (XIII) 



^0 




^/ V-CH= 



o 

II 

c- 



H3C CH3 



— O (^N— A,, 

H3C 

H3C CH, 
C O ( N — Ajg 



(XIII) 



wherein 



40 A29 is as defined for and 

A30 is hydrogen. Ci-C^g^lkyl or CyC^^\\^oxs/\ 

k) a compound of the formula (XIV) 



45 



50 




^31 



^^3^, CH3 



O H3C CH3 



(XIV) 



55 



wherein 



A31 is Ci-C24alkyi and 

A32 is as defined for Aii and 
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I) a compound of the formula (XV) 



CH3 H,C''<^"A 



HX^l I 



^3— N I (XV) 

C — N — CHjCHj-COO-Ag^ 



CH3 



wherein 



A33 is as defined for Ai and 

A34 is Ci-C2oa'kyl or C2-C2oalkenyl. 

The two different compounds containing a residue of the formula (A) are preferably not covered by the same class. 

Examples of alky! having up to 24 carbon atoms are methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, 
tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl, 1 -methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isohep- 
tyl, 1,1,3,3-tetramethytbutyl, 1 -methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyl. 1,1.3,3-tetram- 
ethylpentyl, nonyl, decyl, undecyl, 1 -methylundecyl, dodecyl and 1,1,3,3,5,5-hexamethylhexyL One of the preferred 
meanings of A^, As, Ag, A^q. A^g, A^g' A^g, A20, A2e. A29 and A32 is Ci-C4alkyl, in particular methyl. 

A preferred meaning of A3-, is dodecyl. 

A preferred meaning of R is -COO-(Cio-Ci3alky!), in particular -COO-C13H27. 

Examples of C-j-Cigalkoxy are methoxy, ethoxy, propoxy, isopropoxy. butoxy, isobutoxy, pentoxy, isopentoxy, hex- 
oxy, heptoxy. octoxy, decyloxy and dodecyloxy. Ci-C4alkoxy, in particular methoxy, is preferred. 

Examples of alkenyl having up to 20 carbon atoms are allyl, 2-methallyl, butenyl, pentenyl and hexenyl. The carbon 
atom in position 1 is preferably saturated. 

Examples of C5-C-,2cycloalkyl are cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and cyclododecyl. C5- 
Cgcycloalkyl, in particular cyclohexyl, is preferred. 

Ci-C4Alkyl-substituted C5-Ci2cycloalkyl Is, for example, methylcyclohexyl or dimethylcyclohexyl. 

Examples of alkylene having up to 10 carbon atoms are methylene, ethylene, propylene, trimethylene, tetrameth- 
ylene, pentamethylene, 2,2-dimethyltrimethylene, hexamethylene, trimethylhexamethylene, octamethylene and 
decamethylene. 

An example of Cs-Cycycloalkylene is cyclohexylene. 

An example of Ci-C4alkylenedi(C5-C7cycloalkylene) is cyclohexylene-methylene-cyclohexylene. 
Where the radicals A^^, A^2 ^"^1 ^^3, together with the nitrogen atoms to which they are attached, form a 5- to 
10-membered heterocyclic ring, this ring is for example 




A 6-membered heterocyclic ring is preferred. 

Where the radicals A14 and A-,5, together with the nitrogen atom to which they are attached, form a 5- to lO-mem- 
bered heterocyclic ring, this ring is for example 1-pyrrolidyl, piperldino, morpholino, 1-piperazinyl, 4-methyl-1-piperazi- 
nyl, 1-hexahydroazepinyl, 5,5,7-trimethyl-1-homopiperazinyl or 4,5,5,7-tetramethyl-1-homopiperazinyl. Morpholino is 
particularly preferred. 

An example of Ci-C4alkanetetrayl is 1,2,3,4-butanetetrayl. 

b2 is preferably a number from 2 to 25. 

b3 is preferably a number from 2 to 25, especially 2 to 20 or 2 to 10. 
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b^, 64" and 64"' are preferably a number from 2 to 4, in particular 2 or 3. 
65 is preferably a number from 1 to 25, especially 1 to 20 or 1 to 10. 
be is preferably a number from 2 to 25, especially 2 to 20 or 2 to 10. 

A^, A9, A^Q, A^0, Ago. A25. A29 and A32 are preferably hydrogen or C^-C4alkyl, in particular hydrogen or methyl. 
Preferred examples of a compound of the formula (la) are: 




(la-1) 



(la-2) 



(la-3) 



(la-4) 



55 
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H^C 9H CH CHj 



in which the radicals R are -COO-C^3H27 and 



-COO 



H3C CH 




H3C CK 



in a ratio of 1 .7 : 2.3. 

A preferred example of a compound of the formula (II) is: 



HIjJ (CHj)— N (CH2); N (CH^): tvJH 

R R 



with R being the group 



N' 



H3C 
H3C 




CH 



N 



N 

I 

CH, 



'3 H3C 



CH3 H3C' N 



CH 



Preferred examples of a compound of the formula (VI) are: 
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with being a number from 2 to 25. 

A preferred example of a compound of the formula (VII) jj 



12 



EP 0 856 563 A1 



10 



IS 



CH, 



-Si— O- 




(VII.1) 



-lb. 



20 with b3 being a number from 2 to 25. 

A preferred example of a compound of the formula (VI II -a) is 



2S 



HgN (CH^)^ NH (CH^)^ 



-NH (CHJ NH. 



and a preferred example of a compound of the formula (Vlll-b) is 



30 



3S 



H3C N CH3 



H 



40 



Preferred examples of a compound of the fomiula (IX) are: 



45 



so 



55 




i 



CH, 



-CH3— C— O— CHf-C — )— C — CHj-O 



CH, 



CH, 



(IX-1) 
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-CH, CH- 

" I 

o=c 



II l>-v 

-CH,-C-0-CHi-C— ( ^ 




-CH 

c==o 

I 

o 



CHj 



CH, H,C 




CH, 



•j* CH, H,C ^ CH, 
CH, CH, 



{IX-2) 



with 65 being a number from 1 to 20. 

A preferred example of a compound of the formula (X) is: 



H3C CH 



H— N 




NH CHr 



H3C CH3 



-CH- 

I 

OH 



O 

-CH,>^ 



-^3 



N N 



CK 



A preferred compound of the formula (XII) is: 



H3C CH„ 

O ( N CHgCHj OOC — CHjGHg 00- 

H,C CH3 



with bg being a number from 2 to 20. 

A preferred compound of the formula (XIII) is: 



14 





(XV-2) 



N — CHgCHj-COO-tC^a-C^alkyl) 



The compounds of the formulae (la), (lb), (II), (V), (VI), (Vll). (IX), (X), (XII), (Xlli), (XIV) and (XV) as well as the 
reaction product described under f) are known (in some cases commercially available) and can be prepared by known 
processes as described, tor example, in US-A-3 640 928, US-A-4 108 829, US-A-3 925 376. US-A-4 086 204. US-A- 
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4 331 586, US-A-5 051 458. US-A-4 529 760, US-A-5 182 390, US-A-4 233 412, GB-A-2 269 819, US-A-4 356 307, 
US-A-4 408 051 and US-A-4 477 615 (Chemical Abstracts-CAS No. 1 36 504-96-6). 

Preferred examples of a compound of the formula (la) are Tinuvin® 144, Tinuvin® 292, Tinuvin® 770, Mark® LA 
52, Mark® LA 57 and n-butylmalonic acid bls[1 ,2,2.6,6-penlamethylpiperidin-4-yl] ester; preferred examples of a com- 

5 pound of the formula (lb) are Mark® LA 62 and Mark® LA 67; a preferred example of a compound of the formula (II) 
is Chimassorb® 1 1 9; preferred examples of a compound of the formula (VI) are Chimassorb® 944, Cyasorb® UV 3346 
and Dastib® 1 082; preferred examples of a compound of the formula (VII) are Uvasil® 299 and Uvasil® 125; preferred 
examples of a compound of the formula (IX) are Mark® LA 63 and Mark® LA 68; a preferred example of a compound 
of the formula (XII) is Tinuvin® 622; a preferred example of a compound of the formula (XIII) is Sanduvor® PR-31 ; a 

10 preferred example of a compound of the formula (XIV) is Sanduvor® 3056; a preferred example of a compound of the 
formula (XV) is Sanduvor® 3050 and a preferred example of the reaction product described under f ) is Uvasorb® HA88. 

The reaction product described under f ) can be prepared analogously to known processes, for example by reaction 
of a polyamine of the formula (Vlll-a) with cyanuric chloride in a molar ratio of from 1:2 to 1:4 in the presence of 
anhydrous lithium carbonate, sodium carbonate or potassium carbonate in an organic solvent, such as 1,2-dichlo- 

15 roethane, toluene, xylene, benzene, dioxane or tert-amy) alcohol, at a temperature of from -20''C to +10°C, preferably 
from -1 0'C to +10''C, in particular from 0^*0 to +10*0, for from 2 to B hours, followed by reaction of the resultant product 
with a2,2,6.6-tetramethyl-4-piperidyIamine of the formula (Vlll-b). The molar ratio between 2,2,6. 6-tetramethyl-4-pip- 
eridylamine and polyamine of the formula (Vlll-a) Is, for example, from 4:1 to 8:1 . The amount of 2,2,6,6-tetramethyl- 
4-plperidylamine can be added in one portion or in more than one portion at inten/ais of a few hours. 

20 The polyamine of the formula (Vlll-a):cyanuric chloride:2,2,6,6-tetramethyl-4-piperldylamine of the formula (VIII- 

b) ratio is preferably from 1 : 3: 5 to 1 :3:6. 

The following example indicates one way of preparing a preferred compound of the reaction product described 
under f ). 

25 Example: 

23.6 g (0.128 mol) of cyanuric chlorkle, 7.43 g (0.0426 mol) of N,N'-bis[3-aminopropyl]ethylenedlamlne and 18 g 
(0. 1 3 mol) of anhydrous potassium carbonate are reacted at 5'C for 3 hours with stirring in 250 ml ot 1 .2-dichloroethane. 
The mixture is warmed at room temperature for a further 4 hours. 27.2 g (0.128 mol) of N-(2.2,6,6-tetramethyl-4-pip- 

30 eridyl)butylamine are added, and the resultant mixture is warmed at 60°C for 2 hours. A further 18 g (0.13 mol) of 
anhydrous potassium carbonate are added, and the mixture is warmed at SO^C for a further 6 hours. The solvent is 
removed by distillation under a slight vacuum (200 mbar) and replaced by xylene. 18.2 g (0.085 mol) of N-(2,2.6,6-te- 
tramethyl-4-piperidyl)butylamine and 5.2 g (0.13 mol) of ground sodium hydroxide are added, the mixture is refluxed 
for 2 hours and, for a further 12 hours, the water formed during the reaction is removed by azeotropic distillation. The 

35 mixture is filtered. The solution is washed with water and dried over Na2S04. The solvent is evaporated, and the residue 
is dried at 120-1 SO^C in vacuo (0.1 mbar). The desired compound is obtained as a colourless resin. 

In general, the reaction product described under f) can be represented for example by a compound of the formula 
Vlll-1. Vlll-2 or Vlll-3. It can also be in the form of a mixture of these three compounds. 



40 



HN 



N 



NH 



45 



50 





(Vlll-1) 



55 
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(CH,)- 



■ 2-12 



(CH,) 



2-12 



I 



(VIII-3) 



I 



A preferred meaning of the formula (VIII-1) is 
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HN (CH,)j N (CH,)^ N (CHj)j NH-- 

^ A» 

H,C^PCH, H.C^K'^CH, H^C^N-^CH, H,C^N^c„, „,C^n'<c„, 



-lb, 

A preferred meaning of the formula (Vill-2) is 



HN- 



tCH,)- 



N " N 



H,C 'j' CH, 



N rt *^ 

H,C N-^CM, H3C N CH, H,C N CH, H^C N CH, 



A preferred meaning of the formula (VI 1 1-3) is 




\ 



1 

N ^ N 
If 

N 



H,C N CH3 H,C y CH3 H3C N-^CH, H,C^N^CH, 



In the above fomnulae (VIII-1) to (VIII-3), 64 is preferably 1 to 20. 

The meanings of the terminal groups which saturate the free valences in the compounds of the formulae (Vl), (Vll), 
(Vlll-1), (VIII-2) and (VIM-3), (IX) and (XII) depend on the processes used for their preparation. The terminal groups 
can also be modified after the preparation of the compounds. 
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In the compounds of the formula (VI). the end group bonded to the triazine residue can be. for example, chlorine 
or a group 



-N A,-2 N H 



^11 ^13 



and the end group bonded to the diamino group can be. for example, hydrogen or a group 




It may be convenient to replace the chlorine attached to the triazine by e.g. -OH or an amino group. Suitable amino 
groups are typically: pyrrolidin-1 -yl, morpholino. -NH2, -N(Ci-C8alkyl)2 and -NY'(Ci -CgalkyI) wherein Y' is hydrogen or 
a group of the formula (IV). 

In the compounds of the formula (VII), the terminal group bonded to the silicon atom can be, for example, (A^gyaSi- 
0-, and the terminal group bonded to the oxygen atom can be, for example, -Si(Ai6)3 

The compounds of the formula (VII) can also be in the form of cyclic compounds if b3 is a number from 3 to 10, i. 
e. the free valences shown in the structural formula then form a direct bond. 

In the compounds of the formulae (VIII-1). (Vlll-2) and (Vlll-3), the terminal group bonded to the triazine radical 
is, for example, CI or a 

H3C CH3 



H3C CH, 



'3 



group, and the terminal group bonded to the amino radical is, for example, 
hydrogen or a 
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group. 

In the compounds ot the formula (IX), the end group bonded to the >C=0 radical can be. for example. -OH, C.- 
C4alkoxyor 



'^3^ CH3 



H3C CH3 



and the end group bonded to the oxygen atom can be, for example, hydrogen or 



O 

II 



CH, 



o=c 




-CH Aj3 — C- 



C = 0 

I 

o 



CH 



"jC^ J^CH, H,C 
H,C 1' CH, H,C^ ^CH. 




A' 

■O f N — A,, 

H3C CH, 



In the compounds of the formula (XII), the end group bonded to the -O- can be. for example, hydrogen or a group 
-CO-A28-COO-Y" with Y" being hydrogen or Ci-C4alkyl and the end group bonded to the diacyl radical can be, for 
example, -O-Y" or a group 
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According to a preferred embodiment, 

is hydrogen or Ci-C4alkyl, 
is 2 or 4. 

if b^ is 2. A2 is C2-CQalkylene or a group of the formula 



C CHr 

1 

C^-C^alkyl 



and if is 4, A2 is 1,2,3,4-butanetetrayl, 
the radicals R Independently of one another are -COO-C13H27 or a group 



COO 




H3C CH3 



A3 and A7 independently of one another are hydrogen or Gi-C4alkyl, 
A4, A5 and independently of one another are C2-C3a(kylene, 

Ti . T2. T3, T4, T5, Tg, T7 and Tg independently of one another are a group of the formula (III) in which Ae is hydrogen, 
Ci-C4alkyl or a group of the formula (IV), 

All, A13, Ai4 and A15 independently of one another are hydrogen, Ci-CQalkyI, cyclohexyl or a group of the formula 

(IV). 

A^2 's Cg-C^Qalkylene, or 

Ai4 and A^s, together with the nitrogen atom to which they are attached, form morpholino, 

b2 is a number from 2 to 25, 

A16 is Ci-C4alkyl, cyclohexyl or phenyl, 

Ai7 (s Cs-Cgalkylene, 

b3 is a number from 2 to 25, 

b^, b4'' and b4'" independently of one another are a number from 2 to 3, 
Ai9 is hydrogen or Ci-C4alkyl, 

A21. A23, A24 and A25 independently of one another are Ci-C4alkylene, 

A22 is a direct bond, 

bs is a number from 1 to 20, 




C(CH3)3 



OH or C H 

I 

C(CHX C,-C,alkyl 
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Age is Cg-Caalkylene, 
bg is a number from 2 to 25, 
A30 is Ci-C4alko)cy, 
A31 is C,2H25 and 
5 A34 is C^2'^^4^\\C^^. 

According to a further preferred embodiment, one of the two different compounds containing a residue of the 
formula (A) is the compound of the formula (la-1), (la-2), (la-3), (la-4), (la-5), ). (VI-1), (Xll-1) or (Xlll-1). 

The two different compounds containing a residue of the formula (A) are preferably selected from the group con- 
to sistingof the compounds of the formulae (la>1), (la-2), (la-3). (la-4), (la-5), (la-6), (lb-1), (lb-2). (11-1), (VM). (VI-2). (VI- 

3) , (VII-1). (VIII-1), (IX-1), (IX-2), (Xll-1). (XIIM)and (XIV-1). in particular {la-1). (la-2), (la-3), (la-6), (lb-1), (11-1), (IX- 
2), (Xll-1 ), (Xlll-1 ) and (XIV-1 ) or from the group consisting of the compounds of the formulae (la-1), (la-2). (la-3). (la- 

4) , (la-5), (11-1), (VI-1). (Xll-1) and (XIIM). 

According to a particularly preferred embodiment of this invention the two different compounds containing a residue 
IS of the formula (A) are the compounds of the formulae (11-1 ) and (VI-1 ). the compounds of the formulae (IM ) and (XII- 
1 ), the compounds of the formulae (la-1 ) and (la-3), the compounds of the formulae (la-2) and (H-1 ) or the compounds 
of the formulae (la-3) and (H-1). 

When the two different compounds containing a residue of the formula (A) are of resinous nature, it is preferred 
that their particle size is less than 2 mm and most preferably less than 1 mm. This ensures that the compounds are 
20 easily incorporated into the powder coating composition in a single extruder pass. 

There are two main methods of charging powder paints in use at the present time: corona and triboelectric charging, 
both of which are welt described in literature (T A. Misev; "Powder Coatings: Chemistry and Technology", John Wiley 
& Sons, Chichester, 1991, pages 324 - 344). In the fomaer technique, the powder is bombarded by ions on passage 
through a high electric field. The latter technique, which is of great importance, utilises the phenomenon of frictional 
2S charging. In triboelectric charging the powder is entrained in a jet of air and sprayed down a usually annular tube. The 
air flow rate should be sufficient to cause turbulent flow and thus ensure good contact between the powder and the 
tube. Electric charge separation occurrs between the surface of the powder particles and the wall of the charging tube. 
The charge in the tube leaks away to earth and the powder emerges from the charging tube highly charged. 

There are a number of reasons why triboelectric charging is so widely used in the practice. 

30 

Firstly , the absence of a high voltage source is an obvious safety advantage, even though the design of corona 
coating guns has so far advanced as to virtually eliminate the dangers of a dust explosion. 
Secondly , the corona guns emit a large quantity of free ions which, along with the charged powder, also drift 
towards the workpiece. As the thrckness of the powder builds up on the workpiece a process known as back- 
us lonisation starts to occur in which powder is rejected from the surface and subsequently causes unevenness and 
craters in the cured coating. In a corona-applied powder, the onset of back-ionlsation is much earlier, due to the 
large number of free ions trapped in the coating. 

A third reason is that, unlike in corona charging, there is no high electric field or Faraday cage effect in triboelectric 
charging, so that powders can more easily be applied to concave objects and into recessed areas. 

40 

For all these reasons it is important that powder paints be suitable for triboelectric application. Furthermore there 
is a practical aspect: a powder paint manufacturer often does not know what equipment a coater may use and certainly 
does not want to have a double range of powders, one suitable for corona and the other suitable for triboelectric 
application. 

45 In powder coating it is important that, in-espective of whether the corona or triboelectric charging technique is used, 
the powder paint particles be highly charged. A high electrical charge on the powder ensures good efficiency of the 
coating process; ie. proportionally more powder ends up on the workpiece and less in the overspray to be recycled. 
Furthermore, too low a powder charge causes poor adhesion of the powder to the workpiece. 

if the charge on the powder is very high, however, the powder particles will strongly repetl one another and the 

so packing of the powder on the workpiece will be loose. Also back-ionlsation will occurr at an earlier stage as the coating 
thickness builds up. The net effect of both of these processes is a loss in the quality of the coating surface. In practice, 
there is therefore an optimum charge/mass ratio for triboelectric application, which depends upon factors such as the 
specific gravity of the powder, the surface regularity and the mean particle size etc.. 

The measurement of the efficiency of the triboelectric charging process is basically simple, although often misun- 

ss derstood. Starting from the basic relationship between electrical current (1), charge (Q) and time (t) : 
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the following relationship can be derived, taking the mass of the powder (m) into account: 

l = (Q/m)x(m/t) 

5 

From this equation it can be seen that it is bad practice to take the triboelectric current as a measure ot the efficiency 
of the triboelectric charging process, as this will be proportional to the powder flow rate (m/t), as long as conditions of 
turbulent flow are met and the limiting situation in which powder particles collide with each other instead of with the 
tube does not occur to any great extent. A better indicator of the efficiency of the charging process is therefore the 
10 charge/mass ratio (Q/m). This can be either calculated from the triboelectric current when the powder flow rate is 
known or measured directly. One such instrument for this purpose is described in the paper presented by Kleber and 
Lang at the 9 Ih Int. Conf. on Electrostatics, York, 2-5 April 1995 (Inst. Phys. Conf. Ser no. 143, pages 201 - 204). 

For the reasons outlined above, a preferred embodiment of this invention Is a powder coating composition con- 
taining 

1S 

1) an organic film-forming binder, and 

2) at least two different compounds containing a residue of the formula (A) 




H3C CH3 



as electron donors, characterized in that the powder coating composition has a charge/rnass ratio of at least 200 fiC/ 
50 kg and preferably not exceeding 10 000 jaC/kg. Preferred ranges are 200 - 2000 ^C/kg, 400 - 2000 ^iC/kg and 600 - 
1000 )iC/kg. 

For a powder coating having a specific gravity of 1 .3 g/cm^ to 3.0 g/cm^. a preferred embodiment of this invention 
is a powder coating composition having a charge/mass ratio of at least 200 }iC/kg and not exceeding 5 000 )iC/kg. in 
particular 2000 jiC/kg; more preferred is a charge/mass ratio in the range 400 - 2000 |iC/kg, and even more preferred 
35 is the range 600 - 2000 ^C/kg, e.g. 600 - 1500 ^C/kg. 

For a powder coating liaving a specific gravity of 0.8 g/cm^ to 1 .3 g/cm^ a preferred embodiment of this invention 
is a powder coating composition having a charge/mass ratio of at least 400 p.C/kg and not exceeding 10 000 ^iC/kg, 
more preferred is a charge/mass ratio in the range 400 - 2000 |iC/kg. 

This invention also relates to a method for charging the powder coating compositbn as defined herein, which 
40 comprises charging the powder coating composition with a charge/mass ratio of at least 200 ^C/kg in a tribo charging 
gun. 

This invention also relates to a method for applying a powder coating composition as defined herein triboelectrically 
to a metal substrate. 

Also a preferred embodiment of this invention is the use of a mixture comprising at least two different compounds 
4s containing a residue of the formula (A) as electron donors for a powder coating composition comprising an organic 
film-forming binder. 

This invention further relates to a powder coating composition containing 

1) an organic film-forming binder, and 
so 2) at least two different compounds selected from the group consisting of the compounds of the formulae (la-4>, 

(Ib-I), (lb-2), (11-1). (VI-1), (VI-2). (VI-3). (VII-1), (VIII-1), (IX-1), (IX-2) and (XII-1) as defined above, in partrcular 
the compounds of the formulae (la-4), (lb-1). (H-1), (IX-2) and (XII-1), for example (H-1) and (XII-1). 

In the past, the triboelectric charging of powder paints was often insufficient or inconstant and it was found useful to 
ss assist the triboelectric charging of the powder by adding a positive corona to the end of the gun. which could be turned 
on or off or adjusted according to the need. Although the triboelectric charging afforded by the additives according to 
this invention (component (2)) is fully adequate to ensure a good tribochargeability, powders made as described herein 
can. of course, also be applied using this type of equipment. 
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to a substrate. „„„„«Hinns accordino to this invention are excellently suited. For the 

For such systems the powder -'^^'"S.f .^-^PSLrthatThe cha^n^ occura by friction and is not dependent on 
purpose o1 the worl^ility 01 this invention .tjs sutfic en, tha^^^^^^^^^ 

Lerthegeormtryorforrndthecontactpartner^Fore^^^^^^^^ 

tubelscoiledlntoaspiralorthatendinanumber^^^^^^^ 

process. Suitable contact partner materials "^^^^""^ non-fluorinated ethylene/propylene co- 

chlorlde, polyvinylidene fluoride, P°Ve*ylene Pof r^^^^^^^ ^p^P,, 

polymers, polymethylmethacrylate f ^ poiys^ ^^ne and m ^^^^ (component (2)) is not restricted to any 

\he use of the mixture of the 2.2,6.6«ethy P J.er.d^ne^^^^^ .^^^^^ ^ charge/mass 

tti^n^rbe given'trib^hargeability by ^^^^^^^^^^ZZ^^^^ In U.-mann. Encyc^ediaof Industrial 
The definition of "powder coatings" ,s ""^^^ffg^^^^,^^^^^^^^ (,991) m Section 3.4. Powder coatings are 
Chemistry. 5th. Completely Revised Edrtion, ^o'. A 8, pag^s 438 to 4 ( ^^^^ predominantly 

in particular thermoplastic or stovable. f y^"'" ^^^^ the workplece ,0 be coated is. ac- 
M substrates. The manner in which the i:^*;"^^^ applied, which adhere by means of 

cording to this invention, preferably P°^J j oven an^ '^"f^^- ^« ''"^ 

coulomb forces on the workplece, are .'^f^^'JJJ'^^^^^^^^^^^ ,.ainly on the chemistry of the powder 

— rmuXsS^rnd^^^^ 

to 1/2 hour. ^n.otinn tn thP subsUate the powder coating composition according to 

-TxrrSmror^^^^^^^^ 

-rrrsUsaremetallicsubst.^^^ 

trtanium or aluminium, and alloys t-^-^'^f ^ ^^^^ — ^^^^ binder is a polyester or poly- 

Preferred powder coating compositions '^^^^ ^'^J^"^^ or combinations of these resins, 
acrylate resin together with a crosslinking agent o W esj. «> ^y condensation 

n.. .....r. In general '^V^^^^^^ ° ' ^l^^l ^-iTl ^ ^ I" rl po^esters are obtained which then, on 

of diols and dicarboxylic acids. By adding polyois ^"^^^f^S^stmrres^^^^^ 

stovinginthepresenceofcrosslinkingagents,g.versetone^«orkstru^^^^^^ 9 ,^,,,,ional acids it is 

propeL, such as scratch resistance, impact re^^^^^^^ 

alsopossibletouseanhydridesoracidch^ndes^forex^^^^^^^ ^^^^^^^ danhydride, succinic an- 

terephthalic anhydride, hexahydroterephthahc anh^^^^^^^^ lerephtLlate. in which case polymerization 

hydride, etc. It is also possible to use simple esters ^l^'^^"^.^^^^^^^^ practicable Is preparation by combi- 

takes place by transesterification wrth jj^'^^^^^^^^^^ be prepared by polycondensation of hy- 

nation of transesterification and condensation. "^"^f^^JtiStZ acid, or of the corresponding lactones, 

droxycarboxylic acids, for example 1 ^■'^^;'^^^";;^J^'X^Z.c^.6^ terephthalic acid, isophthalic acid. 
,or example s-caprolactone. Examples °' '^'^^^^^j^'^^^^^ acid, 3.6^lchlorophthalic acid succinic 

adipic acid, azelaic acid, sebacic acid^ ^ ''^f °^!'!"SxTnedicarbo^ acid. Examples of diols and polyois include 
acid, 1.3-cyctohexanedicarboxylc acd ^^f'^^ '^Zl^eTs^^^^ hexane-i .e-diol. pentae-ythritol. sorbitol, ne- 
ethylene glycol, propylene glycol, glycero ' '/^^^^^^^ trimethylpenlanediol, 2,2-d,e- 



SO 
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fatty acid esters of glycerol (Uianox®DSM) and ^^S«®;J/^^ 7) ,or example the predominantly tetraf unc- 

,orcarboxy-functionalpolyestersarep4,ydroxyal^^^^ 

,ionaip-hydroxyalkylamideder^at,ve o.ad,p.c ac^^^^^^^^^ ^.^^ ^,^,3,,, ^-.^ ,ow 

have proven suitable include derivatives of "^^'^"^^^^f"^^^^^^^^ 1174 froa, ©American Cyana- 

molecular weight alcohols. Examples are ^"^^J/'-^^''^^^^^^^^^^^^ l.ampte 4-bisoxa2olidinobenzene. 
mid). Other known crosslinking agents^e bjs- ^^^^^^ 'Z:^ chemically bonded epoxy groups 

andtirerSSS 

acetylacetonate or tin octoate. ^^.^^.s the polylsocyanate crosslinkers are of particular impor- 

Ac .r^..iinkina aoent^ for hvr1roxYtMnct.onal P^^^^^'^- J ^, isocyanates. and in order to obtain 

tancri;^^?5;n?^=^^ «^ an uretdione or as an adduct wfth 

good levelling of the melted powder, the polyisocyanates ^'^^^^^^^^^^am methylethyl ketoximeorbutanon- 
abkx.king agent). The most frequent^ ^P'^^^J of G.J. Guise. G.N. Freeland 
eoxime. Other suitable blocking a9e'^^'°7^'7;nates^^^^^^^^^^^ H.-U. Maier-Westhues in "Progress 

and G.C. Smnh; J. Applied P°'y["^V ^'^."^^^.^'^J'S^^^ on Organic Coatings, Science and Technol.. 

in Product Development for Powder Coataj^rechn^^^^^^ 

Athens, 12-16 July, 1993. Examples of blocked or ""J^^M meZcycto^ isocyanate, 3-isocyanatomethyl- 
anate, 2-ethylbutane-1 ,4-diisocyanate, ^^^^^^^^^^^^^^Z 

mide, uretdione and blocked polyisocyanate. functionality are also employed as binders for 

whinh us,nllw h.vo y"'^; ? j;'"^ j l monomers such as styrene and 

powder coatings. They are prepared by the ^'^'^^^^ ^^^ZTZ7exn>^^^^^^^^ unsaturated compounds, 
linear or branched C^-Caalkyl esters of aery c ^^''^ "^.^f Jjf^^'^Xl^^^^ acrylonitrile, butadiene, etc.. can 
for example divinylbenzene, acrylamKle ^nethacn^ an.de. ^^J^.'j^^^^ of hydroxy-iunctional 

also be added and copolymerized. Hyd^^'^J""^^'^"^;^ 'J^^^^ hydroxypropyl acrylate and hy- 
monomers such as. for «-nnple. hydroxye^yl ac^^^^^^^ 

droxypropyl methacrylate. Forcarboxyfunctionalrty. ^'"^V'^ "'^^ ""^^ anhydride, acrylic anhydride or meth- 

acldmethac^ca«^^^^^^^ 

sebaci;JcLand:i2-d!^e;:SSS.yJL:io,o^ Umel.lc anhyd.de and the compounds 

« pdyoirespecialh. on bisphenols such as '''^P^^^^'^^^'^'J^^ ^^^^^^^ f roS, the classes of the solid 

U 464 (1982). The epoxy resins are ^^^^f^^i^^f ^^^^^^^^ the already described carbox- 

^;£S:r;esrZetrr^^^^ 
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ly employed together with a catalyst such as, for example, Lewis acids, boron trifluoride amine complexes, metal 
complexes, tertiary or quaternary amines, and imidazoline derivatives such as 2-methyiimida2oline. 

Powder coating compositions normally use an approximately stoichiometric ratio of resin to crossHnking agent. 
Variations from the stoichiometric ratio of more than 30 % almost always result in a deterioration in the physical prop- 
erties of the cured coating, such as flexibility, impact strength, adhesion, weatherability and solvent resistance etc.. 

Also of interest are film-forming binders with thermoplastic properties, examples being polyethylene, polypropyl- 
ene, polyamides, polyvinyl chloride, polyvinylidene dichloride or polyvinylidene difluoride. Furthermore, powder coat- 
ings are also known which comprise ethylenically unsaturated components and can be cured with photoinitiators. 

Preference is given to powder coating compositions in which the organic film-forming binder (component (1)) is 
an ethylenically unsaturated component which can be cured in the presence of a photoinitiator with light, especially 
ultraviolet light. Examples of appropriate light sources are medium-pressure or high-pressure mercury lamps. 

The powder coating compositions according to this invention can in addition comprise conventional additives such 
as pigments, dyes, fillers, flow aids, degassing agents, optical brighteners, adhesion promoters, photoinitiators. anti- 
corrosion agents, antioxidants, UV absorbers, light stabilizers and so forth. 

The pigments are for example titanium dioxide, iron oxide, carbon black, aluminium bronze or phthalocyanine blue. 

Examples of dyes are polyester dyes and solvent dyes. 

Examples of fillers are talc, alumina, aluminium silicate, barytes, lithopone, calcium carbonate, mica or silica. 

Examples of flow aids are epoxidized fatty acids, abietyl alcohol, polylauryl methacrylate, polylauryl acrylate, poly- 
dimethylsiloxane-polyalkylene oxide block copolymers or, in particular, low molecular weight copolymers and polymers 
of C^-Cealkyl acrylate esters or alkyi methacrylate esters. 

Examples of degassing agents are fatty acid amides as described in EP-A-0 471 409, E-caprolactam, methyl 
isophthalate and dimethyl isophthalate (EP-A-0 284 996), and especially benzoin. 

An example of a particularly suitable optical brightener is Uvitex®OB (®Ciba Specialty Chemicals). 

Adhesion promoters are based, for example, on modified silanes, titanates or zirconates. 

Suitable photoinitiators are those based on benzophenones, phenyl glyoxalates, bis- or mono-acylphosphine ox- 
Ides, a-hydroxy ketones or benzyl dimethyl ketals and especially combinations thereof. 

Examples of anticorrosion agents are anticorrosion pigments, such as phosphate- or borate^^ontaining pigments 
or metal oxide pigments, or other organic or inorgank: corrosion inhibitors, for example salts of nitroisophthalic acid, 
phosphoric esters, technical-grade amines or substituted benzotriazoles. 

Examples of antioxidants are: 

1. Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol, 2,6-di- 
tert-butyl-4-ethylphenoI, 2,6-di-tert-butyl-4-n -butyl-phenol. 2,6-di-tert-butyl-4-isobutyIpheno}, 2,6-dicyclopentyl- 
4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethylphenol, 2,6-dioctadecyl-4-methyIphenol, 2,4,6-tri-cyclohexy- 
Iphenol. 2,6-di-tert-butyl-4-methoxymethylphenol, nonylphenols which are linear or branched in the side chains, 
for example, 2,6-di-nonyl-4-methyl-phenol, 2,4-dimethyl-6-(l'-methylundec-1'-yl)phenol, 2,4-dimethyI-6-(1'-me- 
thyl-heptadec-1'-yl)phenol, 2.4-dimethyl-6-(V-methyltridec-1'-yl)phenol and mixtures thereof. 

2. Alkvithiomethylphenols , for example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2.4-dioctylthiomethyl-6-methyl- 
phenol, 2,4-dloctylthiomethyl-6-ethylpheno!, 2,6-di-dodecylthiomethyl-4-nonylphenoI. 

3. Hydroquinones and alkylated hydroquinones, for example 2,6-di-tert-butyl-4-methoxyphenol, 2,5-di-tert-butyl- 
hydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octadecyloxyphenol, 2,6-di-tert-butylhydroquinone, 
2,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxy-phenyl stearate, 
bis-(3,5-di-tert-butyl-4-hydroxyphenyl) adipate. 

4. Tocopherols, for example a-tocopherol. p-tocopherol, y-tocopherol, 5-tocopherol and mixtures thereof (Vitamin 

5. Hydroxylatedthiodiphenvl ethers, for example 2.2'-thiobis(6-tert-butyl-4-methyl-phenol), 2,2'-thiobis(4-octylphe- 
nol), 4,4'-thiobis(6-tert-butyl-3-methylpheno(), 4,4-th(obts(6-tert-butyl-2-methylphenol). 4,4'-thiobls-(3,6-d(-sec- 
amylphenol), 4.4'-bis-(2,6-dimethyl-4-hydroxyphenyl) disulfide. 

6. Alkylidenebisphenols, for example 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-methylenebis(6-tert- 
bulyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-6-(a-methylcycIohexyl)phenol], 2,2*-methylenebis(4-methyl- 
6-cyclohexyl-phenol). 2,2'-methylenebis(6-nonyl-4-methylphenol), 2,2'-methyleneb(s(4,6-di-tert-butylphenol), 
2.2'-ethylidenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebls(6-tert-butyl-4-isobutylphenol). 2,2'-methylenebis[6- 
(a-methylbenzyl)-4-nonylphenol], 2,2'-methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4'-methylenebis 
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(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-lert-butyl-2-methylphGnol), 1 ,1 -bls(5-tert-butyl-4-hydroxy-2-methyl- 
phenyl)butane, 2.6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1 , 1 ,3-tris(5-tert-butyl-4-hydfoxy- 
2-methylphenyl)butane. 1 . 1 -bis(5-tert-butyl-4-hydroxy-2-methyl-phenyl)-3-n-dodecylmercaptobutane, ethylene 
glycol bis[3,3-bis(3'-tert-butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl)dicyclopen- 
tadlene, bis[2>(3'-tei1-butyl-2'-hydroxy-5'-methylbenzyl)-6-terl-butyl-4-rnethylphenyl]tereph^ 1 ,1 -bis- 

(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis-(3,5-di-tert-butyl-4-hydroxyphenyl)propane, 2,2-bls-(5-tert-butyl- 
4-hydroxy2-methylphenyl)-4-n-dodecy Imercaptobutane, 1 , 1 ,5,5-tetra-(5-terl-butyl-4-hydroxy2-methylphenyl) 
pentane. 

7. O', N- and S-benzyl compounds, for example 3,5,3',5'-tetra-tert-butyl-4,4'-dihydroxydibenzyl ether, octadecyl- 

4- hydroxy-3.5-dimethylbenzylmercaptoacetate, trjdecyl-4-hydroxy-3,5-di-tert-butylbenzylmercaptoacetate, tris 
(3,5-dl-tert-butyl-4-hydroxybenzyl)amlne, bis(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalate, bis 
(3,5-di-tert-butyl-4-hydroxybenzyl)sulfide, isooctyl-3,5di-tert-butyl-4-hydroxybenzylmercaptoacetate. 

8. Hydroxybenzylated malonates. for example dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2-hydroxybenzyl)-malonate, 
di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methylbenzyl)-malonate, di-dodecylmercaptoethyl-2,2-bis-(3,5-di-tert- 
butyl-4-hydroxybenzyl)malonate, bis[4-(1,1,3,3-tetramethylbutyl)phenyl]-2,2-bis(3,5-di-tert-butyl-4-hydroxyben- 
zyl)malonate. 

9. Aromatic hydroxybenzyl compounds, for example 1.3,5-trls-(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-trimethyl- 
benzene, l,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene, 2,4,6-tris(3,5-dt-tei1-butyl-4-hy- 
droxybenzyl)phenol. 

10. Triazine Compounds, for example 2,4-bis(octylmercapto)-6-(3,5-dMert-butyl-4-hydroxyanilino)-1,3,5-triazine, 

2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxy-anilino)-1,3,5-triazine. 2-octylmercapto-4.6-bls(3,5-di-tert- 
butyl-4-hydroxyphenoxy)-1 ,3,5-triazine, 2,4,6-tris(3,5-dl-terl-butyl-4-hydroxyphenoxy)-1 ,2,3-triazine, 1 ,3,5-trls- 
(3,5-dl-tert-butyl-4-hydroxybenzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)jsocyanu- 
rate, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1 ,3,5-triazine, 1 ,3,5-tris(3,5-di-tert-butyl-4-hydroxyphenyl- 
proplonyl)-hexahydro-1 ,3,5-triazine, 1 ,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)isocyanurate. 

11. Benzylphosphonates , for example dimethyl-2,5-di-tert-butyl-4-hydroxybenzyIphosphonate, dlethyl-3,5-di-tert- 
butyl-4-hydroxybenzylphosphonate, d!OCtadecyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyl- 

5- tert-butyi-4-hydroxy3-methylbenzylphosphonate, the calcium salt of the monoethyl ester of 3,5-di-tert-butyl-4-hy- 
droxybenzylphosphonic acid. 

12. Acylamlnophenols . for example 4-hydroxylauranllide, 4-hydroxystearanilide, octyl N-(3,5-di-tert-butyl-4-hy- 
droxyphenyl)carbamate. 

13. Esters of P-(3.5-di-tert-butvl-4-hvdroxvphenvl)propionic acid with mono- or polyhydric alcohols, e.g. with meth- 
anol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1 ,9-nonanediol, ethylene glycol, 1 ,2-propanediol, 
neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris-(hydroxyethyl) iso- 
cyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol- 
propane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

14. Esters of B-(5-tert-butyl-4-hydroxv-3-methvlphenyl)propionic acid with mono-or polyhydric alcohols, e.g. with 
methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propan- 
ediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) 
isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimeth- 
yiolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

15. Esters of B-(3.5-dicvclohexyl-4-hvdroxvphenvl)propionicacid with mono- or polyhydric alcohols, e.g. with meth- 
anol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 1 ,2-propanediol, neopentyl 
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris-(hydroxyethyl) isocyanurate, 
N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 
4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

16. Esters of 3.5-di-tert-butyl-4-hvdroxyphenyl acetic acid with mono- or polyhydric alcohols, e.g. with methanol, 
ethanol, octanol, octadecanol, 1 ,6-hexanediol, 1 ,9-nonanediol, ethylene glycol, 1 ,2-propanediol, neopentyl glycol, 
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thicxJiethylene glycol, diethylene glycol, triethylene glycol, penlaerythritol, trls-(hydroxyethyl)lsocyanufate. N,N'-bis 
(hydroxyethyl)oxamide. 3-thlaundecanol. 3-thlapentadecanol, trimethylhexanediol, trimethyldpropane. 4-hy- 
droxymethyl-1 -phospha-2.6.7-trioxablcyclo{2.2.2)octane. 

17 Amides of B-(3.S-di-tert-butvl-4-hvdroyY°henvnDroDlonlc acid e.g. N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenyl- 
propionyl)hexamethylenedlamine,N,N'-bls(3,5-dl-tert-butyl-4-hydroxyphenylproplonyl)trimethylenediamine, N.N- 

bls(3,5-dl-tert-butyl-4-hydroxyphenylpropionyl)hydrazine. 
Examples of UV absorbers and other conventional additives are: 

I 2-(2--Hvdroxvphenvnbenzotrlazoles. for example 2-(2'-hydroxy-5'-methylphenyl)-benzotrlazole. 2-(3',5'-dl-ten- 
biJtyl-2'-hydroxyphenyl)ben2otriazole. 2-(5'-tert-butyl-2'-hydtoxyphenyl)-benzotrlazole, 2-(2'-hydroxy-5'- 
(1 1 3 3-tetramethylbutyl)phenyl)benzotriazole, 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2- 
3'-tert-butyl- 2'-hydroxy-5"-methylphenyl)-5-chloro-benzotriazole, 2-(3'-sec-butyl-5'-tert-butyl-2'-hydroxyphenyl) 
benzotriazole 2-(2'-hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3',5'-dl-tert-amyl-2'-hydroxyphenyl)benzotria- 
zole 2-(3' 5'-bis-(a,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotrlazole, mixture of 2-(3'-tert-butyl-2'-hydroxy-5'- 
(2-octyloxycarbonylethyl)phenyl)-5-chloro-b9nzotriazole, 2-(3"-tert-butyl-5'-[2-(2-ethylhexyloxy)-carbonylethyll-2'- 
hydroxyphenyl)-5-chloro-benzotriazole. 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)-5-chloro- 
benzotriazole 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2-hy- 
droxy-5'-(2-a^tyloxycarbonylethyl)phenyl)benzotriazol9, 2-(3'-tert-butyl-5"-[2-(2-ethylhexyloxy)carbonyl-ethyl]-2- 
hydroxyphenyl)benzotriazole, 2-(3--dodecyl-2'-hydroxy-5'-methylphenyl)ben20triazole. and 2-(3'-tert-butyl-2 -hy- 
droxv-5'-(2-isooctyloxycarbonylelhyl)phenylbenzotriazole. 2,2'-methylene-bis(4-(11,3.3-tetramethylbutyl)-6-ben- 
zotriazole-2-ylphenol]; the transesteriflcation product of 2-[3'-tert-butyl-5"-(2-methoxycarbonylethyl)-2'-hydroxy- 
phenyl]-2H-benzotrlazole with polyethylene glycol300;. where R = »-tert-butyl-4'-hydroxy-5'-2H-benzotriazol-2-yl- 
phenyl. 

II. p.HudroxvbenzoDhenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyloxy. 4^ecyloxy. 4-ben- 
zyloxy, 4,2',4'-trlhydroxy and 2'-hydroxy-4,4'-dimethoxy derivatives. 

III Esters of substituted and unsub--^tituted benzoic acids, as for example 4-tertbutyl-phenyl salicylate, phenyl sal- 
icylate octylphenyl salicylate, dibenzoyl resorcinol, bis(4-ten-butylbenzoyl) resorcinol. benzoyl resorcinol, 2,4-di- 
tertbutylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate. octadecyl 
3.5-di-tert-butyl-4-hydroxybenzoate. 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate. 

IV Acrvlates . for example ethyl a-cyano-p,p-diphenylacrylate. isooctyl o-cyano-|J,p-diphenyl-acrylate, methyl a- 
carbomethoxycinnamate, methyl a-cyano-p-methyl-p-methoxy-cinnamate. butyl a-cyano-p-melhyl-p-methoxy- 
cinnamate, methyl a-carbomethoxy-p-melhoxycinnamate and N-(p-carbomethoxy-p-cyanovinyl)-2-methylindo- 
llne. 

V Nickel compounds, for example nickel complexes of 2,2'-thio-bis-[4-(1 ,1 .3,3-tetramethyl-butyl)phenoll, such as 
the 11 or 1-2 complex, with or without additional ligands such as n-butylamine. triethanolamine or N-cyclohexy- 
Idiethanolamine, nickel dibutyldithiocarbamate. nickel salts of the monoalkyi esters, e.g. the methyl or ethyl ester, 
of 4-hydroxy-3 5-di-tert-butylbenzylphosphonic acid, nickel complexes of ketoximes, e.g. of 2-hydroxy-4-methyl- 
phenyl undecylketoxime. nickel complexes of 1 -phenyM-lauroyl-5-hydroxypyrazole. with or without additional lig- 
ands. 

VI Oxamides for example 4,4'-diocty loxyoxanilide, 2.2'-diethoxyoxanilide. 2.2'-dioctyk)xy-5.5'-di-tert-butoxanilide. 
2 2'-dldodecyioxy-5.5'-di-tert-butoxanilide. 2-ethoxy-2"-ethyloxanilide, N,N'-bls(3-dimethylamlnopropyl)oxamide. 
2-ethoxy-5-tert-butyl-2'-ethoxanilide and its mixture with 2-ethoxy-2'-ethyl-5.4'-di-tert-butoxanilide and mixtures of 
ortho- and para-methoxy-disubstituted oxanilides and mixtures of o- and p-ethoxy-disubstituted oxanilides. 

VII 2-f2-Hvdroxvphenvn-1.3.5-triazines. for example 2,4.6-tris(2-hydroxy-4-octyloxyphenyl)-1,3.5-triazine, 2- 
(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1.3.5-triazlne. 2-(2,4-dihydroxyphenyl)-4,6-bi8(2,4-di- 
methylphenyl)-1 ,3,5-triazine, 2,4-bis(2-hydroxy-4-propyl-oxyphenyl)-6-(2,4-dimethylphenyl)-1 ,3.5-triazine. 2- 
(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-l,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis 
(2 4-dimethylphenyl)-1 ,3.5-triazine. 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine. 
2-f2-hydroxy-4-(2-hydroxy-3-butyloxy-propoxy)phenyl]-4.6-bis(2,4-dimethyl)-1.3,5-triazine. 2-l2-hydroxy-4-(2-hy- 
droxy-3-octyloxy-propyloxy)phenyl]-4.6-bis(2.4-dlmethyl)-1.3.5-triazine. 2-[4-(dodecyloxyAridecyloxy-2-hydroxy- 
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propoxy)-2-hydroxy-phenyll-4,6-bis(2.4-dlmethylphenyl)"1,3.5-tria2ine. 2-[2-hydroxy-4-(2-hydroxy-3-dcxiecylo- 
xy-propoxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1.3,5-triazine. 2-(2-hydroxy-4-hexyloxy)phenyM.6-diphenyl-1,3. 
5-tnazine. 2-(2--hydroxy-4-methoxyphenyl)-4.6-diphenyl-1,3.5-triazine. 2.4,6-tris[2-hydroxy-4-(3-butoxy-2-hy- 
droxy-propoxy)phenyl]-1,3,5-triazine. 2-(2-hydroxyphenylH-(4-methoxyphenyl)-6-phenyl-1,3,5-triazine. 

VIH. Metal deactivators, for example N,N'-diphenyloxamide. N-sallcylal-N'-salicyloyI hydrazine. N.N'-bis(salicyloyl) 
hydrazine, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylproplonyl) hydrazine, 3-saHcyloylamino-1,2,4-triazole, bis 

(benzylidene)oxalyl dihydrazide, oxanillde, isophthaloyi dihydrazide, sebacoyi bisphenylhydrazide, N.N'-diacety- 
ladipoyl dihydrazide, N.N'-bis(salicyloyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)thlopropionyl dihydrazide. 

IX. Thiosynergists . for example, dilauryl thiodipropionate or distearyl thiodipropionate. 

X. Peroxide scavengers, for example esters of p-thiodipropionic acid, for example the lauryl, stearyl, myristyl or 
tridecyl esters, mercaptobenz imidazole or the zinc salt of 2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, 
dioctadecyl disulfide, pentaerythritol tetral<is(P-dodecylmercapto)propionate. 

The two different compounds containing a residue of the formula (A), together, are generally present in a quantity 
of from 0.1 to 10 %, preferably 0.2 to 5 %, in particular 0.5 to 3 %, by weight of the total solids of the powder coating 
composition. 

The weight ratio of these two compounds is for example 95:5 to 5:95, 90:1 0 to 10:90, 80:20 to 20:80. 70:30 to 30: 
70, 60:40 to 40:60 or 50:50. 

According to a preferred embodiment of this invention, the powder coating compositions additionally contain a 
phosphite or a phosphonite, for example in an amount of from 0.01 to 10 %, preferably 0.02 to 5 %, in particular 0.05 
to 3 %, by weight relative to the total solids of the powder composition. 

Examples of phosphites and phosphonltes are triphenyl phosphite, diphenyl alkyi phosphites, phenyl dialkyi phos- 
phites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phosphite, distearyl pentaerythritol diphosphite, tris 
(2,4-di-tert-butylphenyl) phosphite, diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaerythritol 
diphosphite, bis(2.6-di-tert-butyl-4-methylphenyl)-pentaerythritol diphosphite, diisodecyloxy pentaerythritol diphos- 
phite. bis(2.4-di-tert-butyl-6-methylphenyl)pentaerythrltol diphosphite, bis(2,4,6-tris(tert-butylphenyt)pentaerythritol di- 
phosphite, tristearyl sorbitol triphosphlte. tetrakls(2,4-di-tert-butylphenyl) 4.4'-biphenylene diphosphonite, 6-isoocty- 
loxy-2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g]-1.3,2-dioxaphosphocin, 6-fluoro-2.4.B,10-tetra-tert-butyl-12-methyl-di- 
benz[d.g]-1.3,2-dioxaphosphocin, bis(2.4-di-tert-butyl-6-melhyl-phenyl)methylphosphrte or bis(2,4-di-tert-butyl-6- 
methylphenyl)ethylphosphite. 

The preparation of the powder coating compositions according to this invention can be carried out in accordance 
with customary methods. A good description of the procedures and machinery can be found in T A. Misev in "Powder 
Coatings: Chemistry and Technology", John Wiley & Sons, Chichester, 1991, Chapter 5. 

In general, all of the components of the powder coating composition are weighed out and mixed together in an 
appropriate mixer, f^ixers used for this purpose are tumble mixers, cone mixers, double-cone mixers, horizontal mixers, 
blenders and stirring units such as planetary mixers. 

Normally, the formulation is processed in a heated extruder at temperatures, which are typically in the range 70 - 
120''C. preferably 70 - 110'C. to obtain a melted mass of maximum homogeneity. Apparatus suitable for this includes 
single-screw cokneader, twinscrew extruders and planetary extruders. Addition is made in most cases by way of a 
screw conveyor, a conveyor belt or a shaking trough. Following extrusion the hot mass is rolled out and cooled, for 
example on a cooling belt. When it has solidified, the mass is crushed and then ground. Suitable grinding units are 
pinned-disc mills, ultracentrifugal mills, jet mills and, especially, classifying mills. The powder may be subsequently 
classified and is preferably sieved. If desired, additional substances can be blended into the powder before sieving, 
for example anticaking agents such as silica or metal flake pigments. 

The powder coating compositions of this invention have preferably a mean particle size of 5 ]xm to 100 |jm, and 
more preferably 30 ^im to 50 jum. 

Other techniques for the preparation of powder coatings (EP-B-368 851 or WO-A-92/00342) have recently been 
disclosed which can also be employed for this invention. In these techniques the premixed formulation or extrudate is 
fed to a heated rotary tube and is spun out centrifugally on a rotating plate. At the edge of the plate, round, virtually 
monodisperse droplets are formed which solidify in cooled air before falling into a hopper. 

A recent technique of preparing powder coating powders is described in EP-A-661 091 and WO-A-94/009 913. 
Here all the components of the powder coating formulation are mixed together in the presence of a super-critical liquid 
which is preferably carbon dioxide. The mixture is sprayed out of fine jets in such a way as to give rounded particles 
of powder paint of the required size when the carbon dioxide is flashed off. 

In cases where component (2) of the powder coating compositions according to this invention is either a very low 
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melting point solid (< SO'C) or liquid, problems may arise in handling, as sticky or liquid products cannot be easily 
mixed together and fed Into an extruder. Difficulties may also arise when component (2) is a solid with a high melting 
point ( >120°C) or high melt viscosity at extrusion temperatures, as such products often do not homogenise completely 
in the resin on extrusion. In such cases it has been found useful to use component (2) of this invention In the form of 
a masterbatch. 

A masterbatch is essentially a concentrate of component (2) dispersed or preferably dissolved in one of the resins 
forming component (1), such as polyester, epoxy resin or polyacrylate. The amount of additives that the masterbatch 
may contain is limited only by considerations of solubility and the physical properties of the masterbatch, such as the 
tendency to cake on storage. Values may vary from 5 - 90 %, preferably 5 - 60 %, more preferably 5 - 40 % and most 
preferably 5 - 30 % of the component (2) In a masterbatch. 

For all types of resins a masterbatch can be made at some stage during the resin synthesis. For example. In the 
case of polyesters, which are usually prepared at temperatures of ca. 240'*C, component (2) can be conveniently and 
preferably dissolved up in the hot resin after synthesis during the cool-down cycle. If an extruder is used to make the 
masterbatch then, of course, the other reactive component of the powder coating is omitted and a higher melt temper- 
ature can be used if desired. Other components of powder coatings, such as flow aids, degassing agents etc. can be 
incorporated into the masterbatch of component (2) if convenient. 

A further preferred embodiment of this invention is a masterbatch comprising a polyester, an epoxy resin or a 
polyacrylate and at least two different compounds containing a residue of the formula (A). 

An alternative method of using component (2) of the powder coatings according to this invention is in a form 
absorbed onto a porous solid. This is particularly useful if component (2) happens to be a liquid or resinous solid at 
room temperature. The amount of component (2) that can be absorbed onto the absorbent is limited only by the need 
for the final product to be in the form of a free-flowing powder, as such a powder can be easily mixed together with the 
other components of the powder coating formulation prior to extrusion. For this use an absorbent is generally chosen 
that has a high oil absorbance value, together with a low particle size to reduce matting; suitable absorbents are alumina 
and particularly silica. 

The examples which follow illustrate the invention in more detail. Parts and percentages are by weight, unless 
stated otherwise. 
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Compound (la-l): 
(Tinuvin®144) 



H3C CH3 



H3C— N ) O — C 



H3C 



CH, 



,C(CH3)3 




-12 



C(CH3)3 



45 



Connpound (ia-2): 
{Tinuvin®292) 
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nnm pound (ia-3): 
(Tinuvin^70) 




CompQund (la-6): 




rnmpound Hb-D: 
{Mark®LA62) 
H^C CH CH CH2 



R R 
T Which the radicals R are -COO-C13H27 and 
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H3C CH3 



in a ratio of 1 .7 : 2.3. 

Compound (H-1): 

(Chimassorb®1 19 FL (milled to 100 - 250Mm)) 
HN (CH.) N (CH2) N (CHg) 

R R R 

with R being the group 
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Compound (IX-2): 
(Mark LA63) 



-CHj CH- 



0=C 




CHj HjC 



with bg being a number from 1 to 20, 



O 

II 

CH-CH—C 

I 

c=o 

I 

o 

CH, 



CH, 



CH, 




H.C V CH, H,C N CH, 
CH, 



Compound (XII-1): 
(Tinuvin*622 LD) 



H3C CH3 



- 0 CHjCHj OOC — CHjCHj- 



H,C CH3 



with bg being a number from 2 to 25, 
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Compound (XIII-1): 
(Sancluvor®PR31) 




Compound (XIV-1V, 
(Sanduvor®3056) 




Example 1 : 

The formulations listed in Table 1 are extruded once at 110*^0 and 300 rpm using a Prism extruder fitted with a 
standard screw. 

Table 1: 



Formulation: 


Quantities in g. 


1 


2 


3 


4 


Crylcoat®430 (®UCB S.A.) Carboxy-functionalised polyester 


366.4 


366.4 


366.4 


366.4 


Araldit® PT 810 (<8)Ciba Specialty Chemicals Inc.) Triglycidylisocyanurate 


27.6 


27.6 


27.6 


27.6 


ResiflowtS) PV 88 ((B)Worlee Chemie GmbH) Flow aid 


4.0 


4.0 


4.0 


4.0 


Ti02®Kronos 2160 (©Kronos-Titan GmbH) 


200 


200 


200 


200 


Benzoin Degassing agent 


2 


2 


2 


2 


Compound ((1-1) 






12 


6 
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Table 1 : (continued) 



Formulation: 


Quantities In g. 


1 


2 


3 


4 


Compound (XII-1) 




12 




6 


Total: 


600 


612 


612 


612 
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The melt is rolled out and coarsely milted using a table cutter. The formulations are then finely milled using a 
©Retsch 2M-1 ultracentrif ugal nnlll at 1 5,000 rpm using a 0.25 mm milling sieve. The resultant powder is sieved through 
a 1 25 Jim sieve to give a powder coating of average particle size 32 ^m. The triboelectric charging is determined using 
an apparatus for triboelectric charge measurement developed by and obtainable from Professors H. Bauch and W. 
Kleber of Dresden, Germany. The instrument, which is fully described in literature (paper presented by Kleber and 
Lang at the 9th Int. Conf. on Electrostatics. York, 2-5 April 1995 (Inst. Phys. Conf. Ser. no. 143. pages 201 - 204.), 
uses a PTFE charging tube of internal diameter 12 mm, with a 250 mm PTFE rod of diameter 10 mm fitted inside. In 
addition to the standard air pressure gauge, the apparatus is fitted with a flowmeter to enable the air flow rate through 
the PTFE tube to be accurately monitored. Dry, oil-free compressed air at 22°C is used for all triboelectric charging 
measurements at an airflow rate of 1800 L/h. Using a sample size of 60 g, measurements of the total charge (in ^C) 
generated and the time of flow of the powder through the charge tube are made. From these values the charge/mass 
ratio (in jiC/kg) is calculated for each sample. The flow rates of the powders are all in the range 160-200 g/min. 

Table 2: 



Formulation no. 


Hindered amine 


charge/mass ratio bxC/Kg) 


1 


none 


170 


2 


Compound (11-1) 


1580 


3 


Compound (XII-1) 


1080 


4 


1:1 Mixture of compounds (IM)and(XIM) 


1770 



The results shown in Table 2 clearly reveal a synergistic effect for the mixture of compounds (H-1) and (XII-1) in 
comparison with the single compounds at the same total concentration of hindered amine. 

Example 2: 

Instead of the compound (XII-1) in Example l.the compound (ta-3) is used to give the formulations 5 and 6. The 
powders are prepared and measured in exactly the same manner as described in Example 1 . The results obtained 
are shown in Table 3. 

Table 3: 



Formulation no. 


Hindered amine 


charge/mass ratio (|xC/Kg) 


1 


none 


170 


5 


Compound (1-3) 


860 


3 


Compound (11-1) 


1580 


6 


1:1 Mixture of compounds (1-3) and (II-1) 


1720 



The results shown in Table 3 again reveal a synergistic effect for the mixture of compounds (1-3) and (11-1) in 
comparison with the single compounds at the same total concentration of hindered amine. 

Example 3 

The general formulation shown in Table 4 is used for the preparation of powder coatings which are based on a 
^lycidyl-methacrylate-functionalised polyacrylate (GMA-resin): 
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Table 4: 



Component 


Quantities in g. 


Almatex® PD 7690 ((g)Mitsui Chemicals Europe GmbH) QMA-resin 


157.4 


1,12- Dcxiecanoic acid (®Du Pont de Nemours Inc.) crosslinking agent 


38.6 


Resiflow® PV88 (®Worl6e Chemie GmbH) Flow aid 


3 


Benzoin Degassing agent 


1 


TiOg ©Bayer R-KB-5 


100 


Hindered amine from Table 5 


1.5 



IS Table 5: 



Formulation no. 


Hindered amine(s) 


1 


none 


2 


Compound (lb-1) 


3 


Compound (IX-2) 


4 


Compound (VI 11-1) 


5 


Compound (XIV-1) 


6 


Compound (la-6) 


7 


Compound (la-2) 


8 


Compound (la-1) 


9 


1:1 Mixture of compounds (Ib-I)and (la-1) 


10 


1:1 Mixture of compounds (lX-2) and (la-1) 


11 


1:1 Mixture of compounds (IX-2) and (la-6) 


12 


1:1 Mixture of compounds (Xlll-1) and (la-1) 


13 


1:1 Mixture of compounds (Xlll-1 ) and (la-6) 


14 


1:1 Mixture of compounds (XIV-1 ) and (la-6) 


15 


1:1 Mixture of compounds (la-2) and (la-6) 


16 


1:1 Mixture of compounds (la-1) and (la-6) 


17 


1:1 Mixture of compounds (IX-2) and (Xlll-1) 



The formulations are mixed together well and then extruded in two passes at QC^C using a Prism extruder. The 
extruded formulations are passed through cooling rollers, left to cool, crushed with a rolling pin in a polyethylene bag 
45 and then milled at 10.000 rpm using a Retsch® ZM-1 ultracentrifugal mill fitted with a collector ring and a 1 .5 mm milling 
sieve. The powder is finally sieved on a gyratory sieve through a 1 25 pin sieve. The particle size of the powders is ca. 

31 [im. 

In the case of the formulations 8, 9,10, 12 and 16, the compound (la-1) is used in the form of a masterbatch. This is 
prepared by blending 19 parts of the Almatex® resin with 1 part of the compound (la-1) and compounding at MS'C in 
so the Prism extruder The quantity of Almatex® resin in these formulations is then adjusted accordingly, to ensure the 
same binder/crosslinker ratio, and the complete formulation with the other components extruded again in the normal 
way. 

The charging properties of the powders is measured in the manner previously decribed in Example 1 . The results 
are shown in Table 6. 

55 
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Table 6: 



Formulation no. 


Hindered amine(8) 


Cliarge/mass ratio (^C/Kg) 


1 


none 


472 


2 


Compound (lb-1) 


722 


3 


Compound ((X-2) 


717 


4 


Compound (VI 11-1) 


689 


5 


Compound (XIV-1) 


733 


6 


Compound (Ia-6) 


750 


7 


Compound (ia-2) 


783 


8 


Compound (la-1) 


694 


9 


1:1 Mixture of compounds (lb-1) and (la-1) 


733 


10 


1:1 Mixture of compounds (IX-2) and (la-1) 


733 


11 


1 ; 1 Mixture of compounds (IX-2) and (Ia-6) 


767 


12 


1:1 Mixture of compounds (XI 11-1) and (la-1) 


711 


13 


1:1 Mixture of compounds (XIII-1) and (Ia-6) 


756 


14 


1:1 Mixture of compounds (XIV-1) and (Ia-6) 


756 


15 


1:1 Mixture of compounds (la-2) and (Ia-6) 


800 


16 


1:1 Mixture of compounds (la-1) and (Ia-6) 


772 


17 


1:1 Mixture of compounds (IX-2) and (Xlll-1) 


739 



30 The results shown In Table 6 clearly reveal a synergistic effect for the mixture in comparison with the single com- 

pounds at the same total concentration of hindered amine. 

Example 4 



35 A preferred mixture of two hindered amines is a 50:50 mixture of the compounds (11-1) and (XII-1 ) that has been 

melted together. This is sold commercially by (g)Ciba Speciality Chemicals as Tinuvin® 1 11 . The particular product fomn 
used in this example is Tinuvin® 111 FD, which is in the form of dust-free pellets of size ca. 2 mm. Powder coatings 
prepared using this blend of hindered amines, according to formulation described in Table 7, show that excellent tri- 
boeiectric chargeability can be imparted to systems that are crosslinked with isocyanate chemistry. 

40 

Table 7: 



Formulation: 


Quantities in g. 


1 


2 


3 


Crylcoat®240 (®UCB S.A., Drogenbos, Belgium ) Hydroxy-functionalised polyester 


869.4 


869.4 


869.4 


Vestagon® BF 1540 (®Huls AG, Marl, Germany) Uretdione crosslinktng agent 


118.6 


118.6 


118.6 


Resiflow® PV88 (©Worlee Chemie GmbH, Lauenburg. Germany ) Flow-aid 


10 


10 


10 


Benzoin (®Fluka AG. Buchs, Switzerland) 


2 


2 


2 


©Bayer Titan R-KB-5 (©Bayer AG, Leverkusen, Germany) 


500 


500 


500 


Tinuvin® 111 FD (®Ciba Speciality Chemicals, Basel, Switzerland) 


0 


5 


10 


Total 


1500 


1505 


1510 



55 

The formulations are mixed together well and then extruded in two passes at 80"C using a Buss® PLK 46L extruder 
at 125 rpm. The extruded formulations are then milled on a Retsch® ZM-1 uttracentifugal mill and sieved. The mean 
particle size is ca. 44 ^m. 
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The triboelectric charging properties of the powders is measured in the manner previously decribed in Example 
1 . The results are shown in Table 8. 



Table 8 



Formulation no. 


Cone ntratlon of TInuvIn® 1 11 FD on total re Ins (%) 


Charge /mass ratio (^C/Kg) 


1 


0 


467 


2 


0.5 


1039 


3 


1.0 


1100 



Example 5 



In similar manner to Example 4, it can be shown that the blend of hindered amines commercially sold as Tjnuvin® 
T5 111 FD is well suited to improve the triboelectric chargeabllity of a polyester / epoxy hybrid powder paint. For this 
purpose the formulations described in Table 9 are made up. 



Table 9: 



Formulation: 


Quantities in g. 


1 


2 


3 


4 


5 


Crylcoat® 360 (®UCB S.A., Drogenbos, Belgium ) Carboxy- 

functionalised polyester 


577.8 


577.8 


577.8 


577.8 


577.8 


Araldit® GT 7004 (®Ciba Speciality Chemicals, Basel, Switzerland) 
Epoxy resin 


385.2 


385.2 


385.2 


385.2 


385.2 


Araldit® DT 3126 (®C(ba Speciality Chemicals, Basel, Switzerland) 
Catalyst masterbatch 


25 


25 


25 


25 


25 


Resiflow® PV88 (©Worlee Chemie GmbH, 
Lauenburg, Germany ) Flow-aid 


10 


10 


10 


10 


10 


Benzoin {©Fluka AG, Buchs, Switzerland) 


2 


2 


2 


2 


2 


Bayer® Titan R-KB-5 ( ©Bayer AG, Leverkusen, Germany) 


500 


500 


500 


500 


500 


Tinuvin® 111 FD (®Ciba Speciality Chemicals, Basel, Switzerland) 


0 


5 


10 


15 


20 


Total 


1500 


1505 


1510 


1515 


1520 



The formulations are mixed together well and then extruded in two passes at 80"C using a Buss® PLK 46L extruder 
at 125 rpm. The extruded formulations are then milled on a Retsch® ZM-1 ultracentifugal mill and sieved. The mean 
particle size is ca. 43 ^m. 

The triboelectric charging properties of the powders is measured in the manner previously decribed in Example 
1. The results are shown In Table 10. 



Table 10: 



so 



Formulation no. 


Concentration of Tlnuvln® 111 FD on total resins (%) 


Charge / mass ratio (p.C/Kg) 


1 


0 


172 


2 


0.5 


794 


3 


1.0 


978 


4 


1.5 


1039 


5 


2.0 


1133 



55 Example 6 



It can further be shown that the blend of hindered amines commercially sold as Tinuvin® 111 FD is well suited to 
improve the triboelectric chargeability of a polyester / Araldit® PT 910 powder paint. For this purpose the formulations 
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described in Table 11 are made up. 



Table 11: 



F rmulation: 


Quantiti s in g. 


1 


2 


3 


4 


5 


Crylcoat{g>803 (®UCB S.A., Drogenbos, Belgium ) Carboxy- 
functionalised polyester 


918 


918 


918 


918 


918 


Araiuri^BJr i y lu ^vSA^iDaopeciainy unemicais, oasei, owiizenano) cpoxy 

crosslinking agent 


69 


69 


69 


69 


69 


Resiflow® PV88 (®Worlee Chemie GmbH, Lauenburg, Germany ) Flow- 
aid 


10 


10 


10 


10 


10 


Benzoin (®Fluka AG, Buchs, Switzerland) 


3 


3 


3 


3 


3 


©Bayer Titan R-KB-5 (©Bayer AG, Leverkusen, Germany) 


500 


500 


500 


500 


500 


Tinuvin® 111 FD (®Ciba Speciality Chemicals, Basel, Switzerland) 


0 


5 


10 


15 


20 


Total 


1500 


1505 


1510 


1515 


1520 



Tlie formulations are mixed together well and then extruded in two passes at SO^C using a Buss® PLK 46L extruder 
at 125 rpm. The extruded formulations are then milled on a Retsch® ZM-1 ultracentrfugal mill and sieved. The mean 
particle size is ca. 51 ^m. 

The triboelectric charging properties of the powders is measured in the manner previously decribed in Example 
25 1 . The results are shown in Table 1 2. 



Table 12 



30 



35 



Formulation no. 


Concentration of Tinuvin® 11 1 FD on total resins (%) 


Charge / mass ratio (^C/Kg) 


1 


0 


217 


2 


0.5 


767 


3 


1.0 


953 


4 


1.5 


1045 


5 


2.0 


1067 



Claims 

1 . A method for improving the chargeabillty of a powdercoating composition containing an organic film-forming binder, 
which method comprises incorporating into the powdercoating composition at least two different compounds con- 
taining a residue of the formula (A) 




as electron donors. 

2. A method according to claim 1 wherein the two different compounds containing a residue of the formula (A) are 
selected from the group consisting of the classes 
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a) a compound of the formula (la) or (lb) 



10 



A, N ) — O — C- 

H3C CH3 



(la) 



in which 



IS 



20 



55 



is hydrogen, Ci-Caalkyl or Cs-Cgalkenyl, 

b-, is 1 . 2 or 4, 

if is 1, A2 is Ci-C9all<yi, if b-| is 2, A2 is CyO^(^\k^\QnQ or a group of the formula 



9— Ri— <^3^^^ or C H 

R4 Rt 



30 



wherein R-, is Ci-C-,Qalkyl or C2-Cioalkenyl, R2 is C-,-C^Qalkylene and R3 and R4 are independently of one 
another Ci-C4alkyl, cyclohexyl or methylcyclohexyl, and if is 4, A2 is C^-C^Qalkanetetrayl; 



35 



HgC CH CH CH- 

I I I 

R R R R 



(lb) 



40 



In which 

the radicals R independently of one another are -COO-(C-,-C2oalkyl) or a group 



45 



so 



KC 



-COO 




N A, 



H3C CH3 



ss 



with A-i being as defined above; 
b) a compound of the formula (II) 
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T ^ N^N N^N T 

T3 N U Tg N Tg 
(") 



in which 



A3 and A7 independently of one another are hydrogen or Ci-Ci2alkyl, 

A4, A5 and A^ independently of one another are C2-C'^Qa\k^\ene and 

T^, T2, T3, T4, T5, Tg, T7 and Te independentiy of one another are a group of the formula (HI) 

H3C CH, 

N ^^N— A, (III) 

^ H3C CH3 

in which Ag is hydrogen. C'^-C^^\\^l Cg-Cia^ycloaJky'. Ci-C4alkyI-substltuted Cs-Ciacycloalkyl, phenyl < 
group of the formula (IV) 



H3C CH. 
— <^N-A„ (IV) 



H3C CH3 



and Ag and A10 independently of one another are as defined for A, ; 
c) a compound 0I the formula (V) 



T., 



(V) 



in which 

Tg, T^o ^11 independently of one another are a group of the formula (III); 
d) a compound of the formula (VI) 
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-N— A— N— f Y 



(VI) 



^1 



T 



N A 



IS 



-lb. 



in which 

All. Ai3, Ai4 and A^s Independently of one another are hydrogen, CyC^2^\\ff/l C5-Ci2cycloalkyl, 

C4alkyl-substituted C5-Ci2cycloalkyI, phenyl or a group of the fonmula (IV), 

Ai2 IS Cg-C-ioalkylene, C5-C7cycloalkylene or Ci-C4alkylenedi(C5-C7cyc!oaIkylene). or 

the radicals A^^ A^g and A^3, together with the nitrogen atoms to which they are attached, fomn a 5- to 

10-membered heterocyclic ring, or 

Ai4 and A15, together with the nitrogen atom to which they are attached, lorm a 5- to 10-membered het- 
erocyclic ring, 

b2 is a number from 2 to 50 and 

at least one of the radicals A^^, A13, A^4 and A^g is a group of the formula (IV); 
e) a compound of the formula (Vll) 




(VII) 



in which 



A^e is Ci-Cioalkyl, C5-Ci2cycloalkyl, Ci-C4alkyl-substituted Cs-Ci2cycloalkyl or phenyl, 

A^7 is C3-CToalkylene, 

A-, 3 is as defined for A^ and 

b3 is a number from 1 to 50; 

f) a product obtainable by reacting an intermediate product, obtained by reaction of a polyamine of the formula 
(Vlll-a) with cyanuric chloride, with a compound of the formula (Vlll-b) 
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in which 

b4 , and b^'" independently of one another are a number from 2 to 12, 
is hydrogen. OyO^^\ky\, C5-Ci2cycloalkyl or phenyl and 

A20 is as defined for A-ji 

g) a compound of the formula (IX) 




(IX) 

In which 

^21' A22. A23. A24 and A25 independently of one another are a direct bond 

or C^-C^o^lkyJene, 

A26 is as defined for A-i and 

bg is a number from 1 to 50; 

h) a compound of the formula (X) 
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N N 

I 

T., 



(X) 



in which 



Ti2. and independently of one another are a group of the formula (XI) 



-CH, CH CHz L 



OH 



in which L is a group of the formula (III); 
i) a compound of the formula (XII) 



H3C CH. 

■O— ^ N CH2(jJH OOC — CO- 

H3C CH3 ^7 



in which 



A27 is hydrogen or methyl, 

is a direct bond or C^-Cioalkylene and 
be is a number from 2 to 50; 

j) a compound of the formula (XIII) 




// \^ 



CH- 



O 

II 

c- 



C — 0 



H,C CH, 



-o — (fi—fi^ 



H3C CH3 



H3C CH, 



N / 



H3C CH3 




wherein 
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is as defined for and 
A30 is hydrogen. 0,-0,2^1^ or Ci-C,2alkoxy; 

k) a compound of the formula (XIV) 




(XIV) 



IS 



wherein 



20 



A31 is Ci-C24alkyland 
A32 is as defined for A^; and 

I) a compound of the formula (XV) 



25 



30 




O — C — 



C — N — CH2CH2-COO-A3^ 
O 



(XV) 



wherein 



35 



40 



A33 is as defined for A^ and 

A34 is C^-Cgoalkyl or C2-C2oalkenyl. 

3. A method according to cfaim 2 wherein 

Ai is hydrogen or C^-C4alkyl, 
is 2 or 4, 

if bi is 2, Ag is C2-C8alkylene or a group of the formula 



45 



SO 



C(CH3)3 




-C H 

I 

C,-C^alkyl 



ss 



and if is 4, A2 is 1,2.3,4-butanetetrayl, 

the radicals R independently of one another are -COO-C13H27 or a group 
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COO 




A, 



H3C CH3 



A3 and A7 independently of one another are hydrogen or Ci-C4alkyl, 
A4, A5 and Ag independently ot one another are C2-C3alkylene, 

Ti, T2, T3. T4, T5, Tg, T7 and Tg independently of one another are a group of the formula (111) in which Ag is 
hydrogen, C^-C4alkyl or a group of the formula (IV), 

All, A14 and A^s independently of one another are hydrogen. Ci-CealkyI, cyclohexyl or a group of the 
formula (IV), 

A12 is Cg-C^oalkylene, or 

Ai4 and A, 5, together with the nitrogen atom to which they are attached, form morpholino, 

b2 is a number from 2 to 25, 

A^e is Ci-C4alkyl, cyclohexyl or phenyl, 

A17 is C3-CQalkylene, 

b3 is a number from 2 to 25, 

b4', b4" and b4'" independently of one another are a number from 2 to 3, 
A^g is hydrogen or Ci-C4alfcyl, 

A2V A23, A24 and A25 independently of one another are Ci-C4alkylene, 

A22 is a direct bond, 

bs is a number from 1 to 20, 

A28 is C2-C8alkyl6ne, 

bg is a number from 2 to 25, 

A30 is Ci-C4alkoxy, 

A31 is C12H25 and 

A34 is Ci2-C,4alkyi. 

A method according to claim 2 wherein the two different compounds containing a residue of the formula (A) are 
not covered by the same class. 

A method according to claim 1 wherein the two different compounds containing a residue of the formula (A) are 
selected from the group consisting of the compounds of the formulae (la-1), (la-2), (la-3)v {la-4), (la-5), (la*6), (Ib- 
1), (lb-2), (11-1), (VI-1), (Vi-2). (VI-3), (VII-1), (VIII-1), (IX-I), (IX-2). (XII-1). (XIH-1) and (XIV-1) 



H3C— N 




-12 



c 



94H9 



CHj 




C(CH3)3 



C(CH3)3 



OH 



Oa-1) 
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{la-2) 



(la-3> 



(la-4) 



(la-5) 



47 



10 



25 
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Hfi CH, 



H3C— N 




OOC — CH COO 

H3C CHj C^H, 




.5 HjC CH CH CHj 

R R R R 

20 in which the radicals R are -COO-C13H27 and 



HjC^ CH3 



-COO ( N CH3 



H3C CH3 



{la-6) 



35 



40 



45 



in 



a ratio Of 1.7:2.3, 



-CH CH CH2 

R R R R 



in which the radicals R are -COO-C13H27 and 



H3C CH, 



so 



-coo ( N H 



H3C CH3 



(lb-2) 



55 in a ratio ot 1 .7 : 2.3, 
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HN— (CH,)— N N (CH,)^ NH (H-D 

R R R R 



with R being the group 




CH3 CH3 
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(VII-1) 



with 63 being a number from 2 to 25, a product (VIII-1) obtainable by reacting an intermediate product, obtained 
by the reaction of the polyamine of the formula 



H,N (CH^)- NH (CH^): 



-NH- 



■(CH^)^ NH^ 



with cyanuric chloride, with the compound of the formula 




50 



EP 0 856 563 A1 



o=c 

I 

o 



O CH, CH, 

-CH-CH,— C— 0-CHr-C— { Y )— C-CHj-C 

C=0 CH, CHj 





3^ I 



CHj HjC 



N ^CH, H,C N CH3 



(IX-1) 



with being a number from 1 to 20, 



-CH, — CH- 
o=C 

1 

o 



O CH, CH, 

II I I 
-cHr-c-"0-cH,-c-<^ Y W-CHro 




-CH 

1 

C=0 

I 

o 



CHj 



HjC^ I lv-^"3"3^^l 

H^C^^f ^CH, H,C' ^CH3 




I 

CHj 



With b5 being a number from 1 to 20, 



CH, 



(IX-2) 



CH, 



Jb 



H3C CH3 

- -O ( CH2CH2 OOC— CH2CH2 CO 

H3C CH3 j,^^ 



(XII-1) 



with be being a number from 2 to 25, 
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(Xlll-I) 



(XIV-1). 



6. A method according to claim 5 wherein the two different compounds containing a residue of the formula (A) are 
selected from the group consisting of the compounds of the formulae (la-1), (la-2), (la-3), (la-6>, (lb-1), (11-1), (IX- 
2). (XII-1). {Xlll-1)and (XIV-1). 

7. A method according to claim 5 wherein the two different compounds containing a residue of the formula (A) are 
selected from the group consisting of the compounds of the formulae (la-1), (ia-2), (la-3), (la-4), (la-5), (11-1), (VI- 
1), (XII-1) and (XIIM). 

8. A method according to claim 5 wherein the two different compounds containing a residue of the formula (A) are 
the compounds of the formulae (11-1 ) and (VI-1 ), the compounds of the formulae (11-1 ) and (XII-1 ), the compounds 
of the formulae (la-1 ) and (la-3), the compounds of the formulae (la-2) and (11-1 ) or the compounds of the formulae 

(la-3) and (IM). 

9. A method according to claim 1 in which the organic film-forming binder is a polyester or polyacrylate resin together 
with a crosslinking agent, or an epoxy resin, or combinations of these resins. 

10. A method according to claim 9 wherein the crosslinking agent is an epoxy resin, triglycidylisocyanurate, glycoluril, 
hydroxyalkylamide, uretdione or blocked polyisocyanate. 

11. A powder coating composition containing 

1 ) an organic film-forming binder, and 

2) at least two different compounds containing a residue of the formula (A) 
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HjC CH, 




H3C CH3 



(A) 



as electron donors, 

characterized in tliat the powder coating composition has a charge/nnass ratio of at least 200|iC/kg. 

12. A powder coating composition according to claim 11 wherein the powder coating has a charge/mass ratio ol 200 
liC/kgto 10 000 |iC/kg, 

1 3. A method for charging a powder coating composition containing 

1 ) an organic film-forming binder, and 

2) at least two different compounds containing a residue of the formula (A) 



H3C CH3 




(A) 



H3C CH3 



as electron donors, 

which method comprises charging the powder coating composition with a charge/mass ratio of at least 200 
tiC/kg in atribo charging gun. 

14. A method for applying a powder coating composition containing 

1 ) an organic film-forming binder, and 

2) at least two different compounds containing a residue of the formula (A) 




H3C CH3 



as electron donors, 
triboelectrtcally to a metal substrate. 

15. A powder coating composition containing 

1 ) an organic film-forming binder, and 

2) at least two different compounds selected from the group consisting of the compounds of the formulae (la- 
4), (lb-1), (lb-2), (11-1). (VI-1), (VI-2). (VI-3), (VII-1). (VIII-1), (IX-1), (IX-2) and (XII-1) as defined in claim 5. 
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16. A powder coating composition according to claim 15, wherein the two different compounds of the component 2) 
are the compounds of the formulae (IM ) and (XII-1). 

17. Use of a mixture comprising at least two different compounds containing a residue of the formula (A) 

5 

H3C CH3 

'0 (A) 

H3C CH3 

IS 

as electron donor for powder coating compositions comprising an organic film-forming binder. 

20 
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